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REPUBLIC XF-91' An?+MEWITEIA 

:( CONVENTIONAL TAIL INSTAILED ', ' 

By Walter J.,KLinar and tie P. Jones? Jr. 

An investigation ha&been conducted in the Langley 20-foot fYee- 

spinning tunnel of a &-scale model of the Repalic m-91 airplane wi&h 

a.conventional-tail arrangement installed. Previously, tests' were made 
on the mdel with a vee tail installed. The erect spin and recovery 
charac%eristics of ,the model were determined for the normal loading 
with the wing installed 6-b verious amounts of incidence. The sp,in 
investigation also included inverted-spin tests, spin-recovery- 
parachute tests, tests with the center of gravity moved rearward, and 
tests with external fuel tanks added to- the model. In addition, 
several tail.modifications were tested,on the model in " attempt, to 
improve' the m@el's &pin-recovery characteristics. 

The results inaic&e that any fully developei spin obtained on the 
airpZ$z@e with the conventidnal tail tistallea.will b?,satisfactorily 
terminated if ruaaer reversal is accompanied b$'mo+i& the ailerons 
with the spin (stick ri '; 

'. tici-aence from 6O to -2 
g$t ixi a right spin). Decreasing the.- 

should have a beneficial effect- on the 
.rn recovery characteristics of -t&e airplane. Recovery characteristics by 

no& use ofscontrols (f@LL rudder reversal followed. by moving the 
i4iiF- -*ri;?bL-.:.i.':':: ;i.d.< ,. .***,,. _. .,._" elevators &own) will be satisfactory if the. wing incideqce,of the air- !,L,, :_ ._ ,,,, 
y plane is -9". Installation of "exteml‘fu~i~~t~ (with or without 

fuel) wiXL have a somewhat. adverse effect on the recovery character- 
* 

'i 
istics of the-airplane, but if the recovery technique ,jncludes movement 
of the ailerons to full with the spin, the spin rot&ion will be termi- 
nated rapidly. Varying i&e position of the center of gravity within, 
the l+Lts fndicated to be possible on the airplane should not affect 
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the recovery characteristics. Recoveries froui inverted spins should be 
terminated satisfactorily by full reversal of the rudder. The model 
test results show that either moving the tail surfaces rearward 
17.4 inches (full scale) and addrzlg ventral-fin area, or approximately 
doubling the rudder chord;would %nsure satfsfactory spin recovery for 
the airplane for any condition without the aid of ailerons. The model 
test results,indicated that a $-foot-diameter conventionai-type para- 

3., 
chute':(drag.coefficient approx. 0.70) attached to the tail should be 
effective as an emergency spFn-recovery device during demonstration 
sp-,* 

). 
; ,'.I ,, 

1. .' :L. ,,i '. , INTROlXJCTION~. '., 

,: ',' 
fi accordance with a request by the Air' Materiel C' -a., u. s. 

AirForce, an additional investigation was performed in the Langley 
20-foot free-spinntig tunnel to determine the spin and recovery charac- 
teristics of a $ -scale.mod.el of the Republic,Xl?-91'aYrplane with a. 

conventional-tail 'installation. A previous%spin investigation has been 
coriducted'in'the spin tunnel on the XF-91 model equiRpedwith a vee 
tail. (See reference 1.) 

For the current tests, the erect and inverted spin characteristics' 
of the model.were investigated for the normal loading,:and the effect 
of varying the wing incidence from 6' to;-2O was determined. ,I& 
~addition; tests were performed tith external fuel tanks installed on 
the model, and the effect of moving the centerof gravity rearward'was 
also determined. Various.tail modifications were Fnvestigated in an 
attempt to tiprove,the~mbdel's spin-recovery characteristi'cs;and tests 
were performed'to'determine'the mitium-size tail.'parachute required 
'for emergency"spin'recovery; : ; : :' ,,.' ,_' : ', : 
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ratio of5distance between center of gravity and thrust 
line to mean aerodynamic chord (positive when center 
of gravity is below thrust line) 

Ix, 'IY, Iz 
' '_ 

IX - Iy' 
mb2 ,. 

mass of airplane, slugs 

moments ,of inertia'about.X, Y, and,Z body axes, 
respectively, slug-ft2, 

'. ; 
inertia yawing-moment parameter 

IY -. Iz 

nib2 
inertia roll ing-moment parameter 

Iz i Ix 
n ib2 

inertia pitching-moment parameter :.. 

P 
CL 
a. 

air density, slugs per cubic foot 

relative density of airplane (m/pSb) 

angle between -&rust line and vertical (approx. equal 
to absolute value of angle of attack at plane of 
symmetry), degrees 

QI angle.between span axis and horizontal,, degrees 

full-scale angular velocity about spinaxis, rps : 
‘. ,. 

,v 

n  , 
full-scale true rate.of descent, feet per &con@ 

a helix angle; angle between flightpath and vertical, 
degrees '(For this model, the aver 
of the helix angle was approx. 

,oy absolute value 

o&?c3$. .-~?,&&... . .f P approximate angle of sideslip at centerof gravity, G.Lirk.nb ,. +. .* - _  .uaessX.& ^.. ..' .w' &g&es ~(Sideslip is"inwar&3&en'inner wing is down 
by an amount greater thanthe helix angle.) .' ,. 
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X/Z ratio ofUdista3ice of center of gravity rearward'of 
leading edge of mean a,erodynamic chord to mean,aero- ..-. 1; I . . ..mc  &brd.., . . _/i_. 

‘, 
z/E ,: 

‘. : 
h.: ~_ _ .‘ -. 
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APPARATmANDMEmoIE ,’ 
. Mod61 

The A-scale model of the Republic  XF-91 airplane used for the 
29 

in.+es tigation reported in refer&n& 1 was used in the present invest i- 
gation except that the vee tail,was  replaced with a conventional-tail 
arrange&n% The dimensional characteris tic s  of ,th6 XF-91 airplane as 
represented by the model are presen-I@ in table I. A three-view... 
drawing of the model as tes ted with the conventional tail ins tti&led is  
sho& In Pi@re 1, and a sketch of,the etiernal,'fuel-tank  ins tallations  
is  shoti in figure 2. Ph&tographs of the model'in the c lean cond$ti~ 
andwith the externalfueltanks ins talled are shoti @ figure 3. 
Sketches of var ious  tail modifications tes ted ori the model are shown in 
figure 4 and a photograph showing the model sp inning in the tunnel is  
presented in figure 5. 

The,model &as ballas ted with lead weights  to obtain dynamic  
s imilarity  'to thq airplane at an altitude of 15,000 feet 
(P = o,.oo14g6 s lu&u ft) . A rem&e-control mechanism was ins talled 
in ihe model to activate the~controls for recovery 'tests. Suffic ient 
moments were 'exerted on the control surfaces during,recovery tes ts  to 
reverse the controls fully * rapidly . 

The model parachutes used were of the flat c ircu lar tspe, made of 
s ilk , and had a drag coefficient of approximately'0.7 based upon the 

,surface area. 

The tail-damp- power fac tor was computed by the method descr ibed 
,+ reference 2. 

.' 
W &3 T&e1 and Test& Technj-que 

tL!bA' tes ts  were performed in the Langley 20-foqt free-&nning 
tunnel. !l?he teeting tech@q&'applied &nd methods for determining the 

'spin data were essentially  th6 same as those reported in reference 1. "  ,<, 
As has been i-lain&a in,&f&e&e 1, tes ts ,were performed to 

determine the sp in and. recdvery characteris tic s  of the model for the 
nozmal-,sp$@n&~ontrol configuration (elevator full up, ailerons  ,L -, ~. . . 
neutral aiGG&~ *Gil with'$he spti) arid f~~..Various other aileron-. 
elevatol. cdbinat'ions  inc luding neutral ~a~~ximum settings of the 
controls for var ious  model loadings  ad confi&rations. Recovery was 
generally  atte&pted by rapid'reveraal of ths  rudder from full with to 
full agains t the sp in. For ,some of the tes ts , recovery was also 

:, 

-. 
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attempted by reversing the ailerons  fram their original againat-the- 
sp in setting (right aileron dowp and left aileron up in a ri&t sp in) (,,~~ 5. y&.ti, ,mti. defl~dtidn *i. tlie opp6siti direc tion (full 'tith the 
sp in; s tic k  right'in'q $ight sp in). Teds were also performsa to 
evaluate the poss ible adverse effec ts  on recovery of small deviatim ' 
fram the normal-co@rol configuration for sp inning. For these tes ts , 
the,ele+ator is  set a+.two-thirds of its  full-up deflec tion' and. the 
ailerona are set at.,,one-thir'd,of full deflec tian in the direc tion 
conducive to s lower recW eries  (against t+spin for the XE91model 
f0r.al.l loadings  tes tdi~. Recovery fram,this  sp,inis attempted bJ i 

,rapidly  reversing the ruddejr alone from full with to two-thirds agains t 
the &II or by moving the rudder to two-U@rd.s a@.nst th6 spti.in 

.conjimc~iOn.wi%h elevator tieversal. If the mod&t recovers within 
2t t 'drns fram this  sp in, $he'recov&y ~haracteris-ldcs of,the model are. 

considered satisfactory and taken to 'indicate that recoveries  from 
spins  on the full-sca le airplane by noti manipulation of the controls 
(i.e., reversal of the rudder followed approx. one-half tur+ later by 
elevator reversal; ailerons  placed at ,neutral) will be satisfactory. 
This  c r iterion has been based on full-sca le airplane spin-recovery data 
that tie available for comparison with correspanding mod.eT results . 

.’ 

The tes tingtechnique for d+ermining the'opttium s ize of and the 
towline length for sp in-recovery parachutes is  descr ibed in detail in 
.*ef erence 3 o In brief, the mdlel in the original configuration was 
launched into the tunnel with -the rudder set full with the sp in. For 
recovery attempts, the rudder was held with the sp in. The parachute 
pack and. towline were attached,to the model in such a manner as to have 
no effec t on the s teady sp in before being opened. For the tail para- 
chute tes ts , the parachute pack and towline were attached to the model 
at the rear of the.fuselage jus t above and s light&' forward of the 
rocket-motor ex it. .The parachute was packed below,the horizontal tail 

.at the junc ture of,the fin and fuselage on the outboard s ide O f the 
ftielage, (left s ide in a'rigkit spin). 'The paraqhute was opened for the 
recoverji' attempt,by actuatiilg the remote:control:mechanism~, (See 
reference: 3.) , "  "  

The,precisioti'of t&tes t results  and. the limits  ,of accuracy of, 
the'mass.characLeri&ic s  of the model-for,the present tes t&are 's imilar 
,to‘th@3..pl;esented in refereke 1. 

-- ,. 1 I ,,. -.I ..,_ .:, s  -TES!Lc-CONDITIONS : n'. 

., : ,, 
Tests weTe performed for the mdel conditions  lis t& in table II. 

For al-I.-tes ts , the flaps  were neutral, the.1and.i~ gear was re*acted, 

, "A6HMm-e' 

i 
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and the cockpit was closed. Mass characteristics and mass parameters 
for the normal-loading condition and other loading conditions possible 
&the air&ne, as well as:~foF the loadings tested on the'model, are 
listed in table III. The mass-distribution parameters for the loadings 
possible on the XF-91 airplane and for the loadings tested on the model 
are plo$tea tn. figure 6. As discussed in reference 4, figure 6 can be 

,used in predicting the relative effectiveness of the controls on the 
:recoverg characteristics of, the model; 

The normal-maximum-control deflections (measured perpendicular to 
hinge line) used in the'testswere as follows: j, 

Rudder,,deg ..O...........'~.....'. . 25 right, 25 left 
Elevator, deg . ,. . . . . . /. . 6 dm . . . . ,q . . 30 up, 15 down 
Ailerons,deg .......i........... 20 up, 18 down 

RFSULTS AND DISCUSSION 

The~results of theBmode1 tests are presented,in charts 1 to 7 and 
in tables IV and V in termsof the full-scale airplane values at a test 
altitude of 15,000 feet. Because of some inherent asymmetry in the 
model construction, recoveries from the.spins to the right were some- 
what slower than the recoveries from the corresponding left, spins for a 
few control configuratio.xT Accordingly, the greater portion of the 
tests was conducted for,the model spinning to the right, and the data 
presented in the charts for'the right spins are considered slightly 
.conservative. A comparison of the results for both the right and the 
left spins is also presented for some of the conditions'tested. 

: 

.’ ” ,, 
‘., 

NormalLoadQg : 
,).. 

Model results." 
loadin@re 

The r,esults of the ,spin tests for-the normal 

00, and 40, 
presented in charts 1) 2., end 3 for wing incidences of 6O, 

respectively. 
at anincidence of 6O, 

When the wing was installed,on the.model 
the model spun steeply at the norm&l-spin' 

control configuration (ailerons neutral, elevator full 'up, ax&rudder 
full with‘the spin)- for both the right 'and the left'spins and-recovered 
rapidly when the rudder'alone was reversed. 'With the aiierons at 
neutraland the elevator set at neutral or down, recoveries from the 
rWt .vins. .zy .ret=W, .- whereas recoveries f'rc$'the left spins were 
not affected by elevator position. Ailerons 'set full against the spin 
generally flattened.both the right and 'the left spins and retarded 
recoveries; whereas whenthe ailerons were set full with the spin, the 
lhodel did not spin but entered either a steep tight spiral or a steep. 
aileron roll. 
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Tn order to determine the sensitivity of the model to small vari- 
ations in elevator and aileron'setting from the normal-spin-control 

l . . . 
configuration and-to smallvariations in rudder .deflection.when the 
wing was' installed at an incidence of 60 on the model, the model was 
spun with,lhe ailerons placed one-third against the spin (in the 
direction conducive to slower recoveries) and with the elevator set 
at two-,thirds of its full-up setting. Recovery was attempted fram this 
spin.by reversing the rudder to only two-thirds of its full deflection 
against the spin. As has been explained previously, satisfactory 
recovery from this spin is taken as an indication that the recovery 
characteristics of the airplane will be,satisfactory when normal spin- 
recovery technique (full rudder reversal followed one-half turn later 
by moving the elevator down) ,is employed for the:~normal-s@in-control 
configuration. Results presented in chart 1,show that either'the model 
did not recover fram this spin or recovered veryslowly. The results' 
also show-that when the elevator was set two-thirds full up, the model 
recovered when the ailerons were neutral; whereas Qhen -k&-ailerons 
were 'displaced against the spin only a very slight amount, unsatis- 
factory recoveries were obtained. The test results thus indicate that 
the recovery characteristics of the full-scale airplane may be criti- 
cally,dependent upon the position of the ailerons when the airplane is 
spun with6O wing incidence, and that placing the, ailerons only 
slightly against the spin may seriously retard recoveries. llze,data 
presented in charts 2,end 3 indicate that the sensitivity to aileron 
settings against the spin will be decreased and also that the recovery 
characteristics in general will be improved as the wing incidence is 
decreased from 6O to -2'., In fact, the results show that when the wing 
was placed at en incidence of -2' on the model, satisfactory recoveries 
were obtained even when the ailerons were deflected as much as one- 
third against the spin. 

In order:to improve the recovery characteristics of the model from 
the spinsobtained with ailerons set against the spin, recoveries were 
attempted by.simultaneously reversing both the rudder and elevator, by 
simultaneously reversing the rudder and moving the ailerons frcxn 
again&?&o full with the spin, and by moving only the ailerons to with 
the spin,‘the rudder remaining full with the spin. The results of 
these tests, presented in chart 4, show that reversal of the elevator 
in conjunction with rudder reversal had no beneficial ,effect on the 
model's ,recovery characteristics; whereas moving the~~ailerons from 
against to full with the spin(alone or in ccanbination with rudder 
reversal) effectively terminated the spin, even when the'wing incidence 
was 6’. These results thus indicate that the ailerons were an 

~extremely. effectivecontrol in-producing..recovery:fram‘a spin; whereas 
the elevator. provided little beneficial effect. 

Full-scale interpretation ,of model results.- Inasmuch as the 
wing incidence of the XF-91 airplane is, variable. in flight from 6O 

,m 

I-,, 
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to -2O, it is possible that the airplane may be spun with 6O wing 
incidence. As has just been discussed, the model test results indicate ' 

y- +&~t;"w~~ 60 j&~&&&6 ti f&$ m, f-&h &-&plane i&y not 'recover s&is- 
factorily from spins by normal manipulation of ?the controls for 
recovery' (I -8 l , rudder reversal followed by elevator reversal, ailerons 
maIntained at neutral). It appears, however, that satisfactory 
recoveries from,splns of the airplane can be obtained by deviating 
somewhat from 'the normal-spin-recovery technique. For spW that are 
entired with the ailerons very nearly at neuttxl,~if the rudder is ., 
reversed briskly from full with the spin to full agaIn& the spin while 
the stick is permitted to float laterally, the variatian.&n angle of 
attack along the wing during a apin will probably be such as to cause 
the ailerons to float with the spin, and the a&plane should.recover 
satisfactorily. As the .air@lane begins to nose down during recovery, 
the stick should be moved forward. Care.shou3.d be exercised to avoid 
moving the stick forward too soon since premature reversal of the 
elevators may blanket out part of the rudder and cause it to bec'&e 
less effective in br3nging about recovery. The model test results ' 
indicate further that satisfactory recovery from any spin, regardless 
of the initial setting of the ailerons, can be obtained by moving the 
stick laterally to full with the spin as the rudder is reversed fully 

~ end~'raRi&Ly for .recoverg. ,Recovery attempted in-this manner wil+ 
result in ,a steep aileron roll and will require-neutralization of the 
ailerons after recovery frcm the spin to terminate the roll. Inasmuch 
as it, appears that sRecial.recovery technique may be required to insure 
satisfactory recoveryfrom spins on the full-scale m-91 airplane, the 

)' recovery characteristics of the airplane are considered margFnal. 

In the past it has not been a general policy to recommend movement 
of the ailerons to with the spin to effect recovery, because movement 
of an additional ccurtrol for recovery may cause a pilot to be somewhat 
confused, and aiso'because spin-tunnel tests have indicated in 'the past 
that a model is gener&Lly.slow.to respond to the aileron movement. For 
airplanes that have a very great.portion of their weight distributed 

: along-the fuselage relative to the~weight in the wings, as has 
t&e m-91, it might be expected that, because of inertia effects, the 
response of .the airplane to aileron movement during spins might be fast 
and even faster than its response to movement of the rudder or 
elevator. Thus it would appear that rudder and ailerons instead of 
rudder and elevator might be the predominant conin+s'in effecting 
recovery from sp$ns for airplanes that are loaded very heavily along 
the fuselage-. This has been borne out by the results of the XF'-91 

-., +model s.pin.&3etss...- ,,_^ - .i i,. " _.,. .,-:.:-. .'. . 

When the XF-9.1 airplane is to be spun intentionally, the model 
test results indicate that the wing should first be placed at an 
rincidence of -2' to-minimize the unfavorable.effect of placing the 

.' 
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ailerons against the' spin. The model results further indicate that 
with the wing ,at -2' incidence, the airplane will recover satisfacto- 

"-..'.-' rilyfrom~fully -developed+spins even by normal usage of the controls. 
: It should be noted that if a spin.is entered with the wing set at 6O 

incidence that changing the. wing incidence in flight to -2O, although 
favorable, may not be a means for satisfactorily terminating the spin 
by normalmovement of the controls because of the time,regained for 
the wing incidence and the air flow about the airplane to.change. 

Effect of Wing Tanks '1,. 
'_ ,!' 

'Tests were performed with the external fuel::%nks. installed on 
the model for the tank-empty ‘condition and for the condition with fuel 
added to the tanks to simulate the airplane loading.after take-off and 
climb to 50 feet. The results of these tests are presented in chart 5 
and show that the addition of the empty or partially full external wing 
tanks had a somewhat adverse effect on the recovery characteristics of, 
the model, but that the favorable effect of placing the ailerons full 
with the spin still persisted. The test results presented in chart 4 
show that recoveries from spins could still be effected by moving the w. ailerons to full with the spin. If a spin is inadvertently encountered 
when the airplane-,is being flown with the ,external wing tanks installed, 
and if recovery doesnot appear imminent after movement of controls for 
recovery, the wing tanks should be jettisoned. 

Effect of Varying Center-of-Gravity Position 

The results of tests presented in chart 6 show the effects of 
moving the center of gravity rearward from normal. Moving the center 
of @;raviw rearward,fram its normal position at 16 percent of the mean 
aerodynamic chord to approximately 20 percent of the mean aerodynamic 
chord (indicated to be the most rearward position of the center of 
gravity.possible on the airplane) di,d not appreciably affect the spin and 
recovery characteristics of the model. Brief tests made on the model 
loaded to simulate the loading tested with -the. vee-tail configuration, 
as reported.in reference ,1 (center of gravity moved back to 24 percent 
of 'the meanaerodynamic chord and,radius of gyration about Y-axis 
increased relative to radius of gyratiw about X-axis) show that the 
spins generally became more ,oscillatory in roll and yaw, and that the 
recoverycharacteristics of the model were generally improved-. 

i, inasmuch as the model tended to resist spinning when the center of ~. . . . . : ~. 'gravity was at 24 percent of the mean aerodynamic chord, additional 
tests were conducted with the center of gravity moved farther rearward 
to 31,percent of the mean aerodynamic chord. Withthis.position of the 

.;i Center of gravity no spins were obtained. These results are in general 
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agreement with results ob,tained with other spin models loaded heavily 
L along,~$he,~.~fuse+qe in that rearward movements in the center of gravity ., ,:., .-- ..-*11. resulted in a change in the nati% bf the spin sothat the spins became 

tiqreasingly oscillat6ry in yaw and roll as the center of gravity was 
moved rearward. (See reference 5e) Further rearward movements of the 
center of gravity caused the spin of the XF-91model to cease entirely. 

Inverted Spins ~ 

'The results of the, inverted-@in tests of,the model &t the design- 
gross-weight:loading;are presented in chart 7e::.1The ord+r used for 
presenting the data for inverted spins is ,diffe??ent,from that used for 
erect spins. For inverted spins, controls,crossed for the established 
spin (right rudder pedal forward and stick to 'the..pilot's left for a 
spin to the pilot's right) is presented'to the right of the chart and 
stick back is presented at the bottom. When the controls are crossed 
in the established spin, the ailerons aid the roliing motion; when the 
controls are together, the ailerons oppose the rolling motion. The 
angle of wing: tilt q .,in the chart is given as up or down relative to 
the ground. !.,' 

:.." ,' 
The model did not'spin when the controls we- crossed,, but spins 

there obtained when the ailerons were neutral and'when the controls, ;.): 
were together. The model results tidicate that the inverted spin can':,' 
be satisfactorily terminated on the fuil-scale airplane by fully 
reversing the rudder. .i 

These results are different from those that might have been 
expected based on the information that has been published on inverted 

'spins. Reference 6 states that controls together tend to prevent the 
Inverted spin'end 4hatcrossin.g controls retards recovery fram the 
inverted spins. Also,,spin-model test resu&ts have indicated that 
merely neutralizing all~controls generally ,-terminates the inverted spin 
'rapidly., These differences are explained on the fact that the Xl?-91 is 
loaded very heavily along'the fuselage,, and also on the fact that the 
relatJve.effectiveness of the vertfcal tail at spinning.attitudes 
is approximately the same for both the erect and inverted spti for 
the XF-91. Both these factors combined tend to make both the'recovery 
characteristics and the spinning and nonspinning regions' similar for 
both the erect and inverted spins. (Campare charts 2 and 7.)’ The 
models for which the study presented in reference& was made Were 

,:~oaded.,,morre,;~~ua7 ,a&ng fuse-&age .and..ying, ,~and :the horizontal tail ..bYxIW -L_ . 
was generally so positioned that the vertical~.taZl was consi‘derably 
more effective for the inverted spins than for:the'erect spins. The 
combination of these factors apparently t%nds'to-make the results for 
the XF-91 model for inverted spins scmewhat different from those. 
indicated in reference 6,. 

.’ ,: ., 
c ~ .‘- -~ “-. ‘. ~~- 
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Spin-Recovery Parachutes 

,. .._.._ ?ep.ul~!s, . ..q<.. the _ .~p~-S~covery_parahute . ,.,,. . -W-W. ase mesen-bd k  
table IV. 

I 
A tail parachute -e feet in diameter (full scale) with a 

towline length equivalent 'to the wing span appears to be necessaryfor 
satisfactory recovery from spins by parachute action alone. As pre- 
viously mentioned;the parachute was attached above the jet exit at 
the rear of the' fuselage, and was of the flat-type.varietg having a 
drag coefficient of approximately 0.7., Ii? a parachute with a,differ- 
ent drag coefficient is used, 
required in parachute size. 

a corresponding adjustment will be. 
Reference 7 indicates that a flat-type 

,parachute is unstable and may seriously affectthe stability of the 
,airpiane in,normal flight whe,n the parachute isopened,to test its 
operation. 'It may be desirable, therefore, to ,use a stable parachute 
instead of a c~onventional parachute as an emergency spin+ecovery 
device. Computations based on the results presented in reference 7 
show that a stable hemispherical parachute 7.7 feet in diameter 
(projected diam.) and having a porosity of 400 and a drag coefficient 
of 1.1 would provide .about the same munt of damping in a spin as 
a ?-foot 'diameter .flat-type parachute. 

'. 

Tail Modifications . 

. I  

In order to obtain satisfactory recovery by normal use ofcontrols 
,from a fully developed spin for any condition possible on the airplane, 
it appears that some modification of the design will be required. 
Accordingly, several tail modifications were tested on the model. The 
modifications tested are tabulated in table V and are classified as 
effective or ineffective depending on whether they did or did not 
satisfactorily improve themodel's spin-recovery characteristics. The 
test data indicate that in order to improve effectively the spin: 
recovery characteristics of -the model, it was necessary either to move 
the tail-surfaces rekard a'minimum of 17.4 inches (full scale) and 
add ventral-fin area (modificationnumber 8,in pig: 4), or to approxi- 

the chord of the rudder (modification-number 5 in 
', 

mately double 
fig. 4). 

, 
,, . . 

‘, 

~LandingCondition 

. . 

,’ 
,,, .’ 

2 
&$&%:L~ .a-.,?& . .a,..., to',- ... Y- T&+.bzm&g con&&&.o~ ,.was +not 

.*' 

, 
investiga&d. .m --&is model inasmuch 

1, as current Air Force. specifications require this type of airplane to 
demonstrate satisfactory recoveries' in the landing condition from 

- 

_. mm-  
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$P : 

00 
: . : only one-turn spins. At 
0 00 stillbe in an incipient 

"obtainedthanfkam fully 
.I, 

. An analysis of full-scale and model tests to determine the effects 
of landing flaps and landing gear indicates that, although,the X&91 
will' probably,recover satisfactorily from.an incipient spin in the 
landing condition, recoveries from fully developed spins may be unsat- 
isfactory. Therefore, 
spin, it is 

ir,order to avoid entering a fully developed 
recommended that the landing flaps be neutralized and 

recovery be attempted immediately upon inadvertently enter-, a spin in 
the landing condition. -: ' .: :.: ,,., ., ",,,: .' 4 

:. 2' 
Comparison of Yee- and Conventional4JkLl Results, 

NACA RM No. ,~I,91326 

the e.nd of one 'tkrn the airplane will probably 
spin fram which recoveries are more readily 
developed sp$m, .:. ,I.. .., 

s’ 
)C.. 

,:. 
. . . 

,_. 

” 

” 

; 

.,. 

: ,.I. 

The data presented in reference 1 for the vee-tai16configuration 
are limited to a wing incidence of 0' and a load- having the center 
of gravity positioned at about 26 percent of the mean aerodynamic ' 
chord. Comparison of the data presented in'reference 1 with the data 
presented in chart 6 for the conventional-tail installation indicates 
that wit&the center of gravity .in the neighborhood of the l/4 mean 
aerodynamic chord and a wing incidence of O", the,spin-recovery 

:charact&istics of the model with,either the conventional- or vee-tail 
~installations were good. In addition, unpresentkd test results'show 
that, .with the vee tail installed on the model; slow recoveries could 
be obtained if ailerons were slightly against the spin when the wing 
incidence was 6O and the center-of-gravity position was at 16 percent 
of the mean aerodynamic chord (corresponding to loading number 1 in 
table III). These results are similar to the results presented in 
chart 1 for the model with the conventional-tail installation, although 
it should be' pointed out that the vee-tail,tests were conducted with a 

'rudder deflection of only g8O; 
with a fPjO rudder throw.' 

whereas the conventional tail was tested 
It appears- that for the m-91 design the 

loading dictates the results obt,ained to a greater extent-than does the 
tail,so that recovery characteristics witheither the ,conventional tail 
or the vee tail installed will generally be similar. 

'. ', .' 
CONCLUSIONS 

'v 
'I 

Based on results of a spin investigation of a A-scale model of #&q&G& .*$ .**.L.,-..i. a;* G-i i. .'-. -. .- -' ..] -..;I.., ,. ., _ ,_ 
t.:: - 

. . . ,. '. . .~ ...yyp&-2g~- . 
,'. 
: 

the Republic &F-91 airplane, the following conclusions regarding the 
. spin and recovery characteristics of the a-lane at a spin altitude 

of 15,000 feet are made: : _ I - ._ .. 

-v P 

‘, 

..1 . , I,~-,~.-.-,,~.,,......~~-~-- 
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1 
! ! ." 
b,:.l : 
',.:.. . . -;.w . 
L&is. . : 1; The'recovery characteristics of the airplane in the design 

")-w- i-.. gross *eight .and wTth 6' incidence in the.wing %Ul'be marginal from 
'fully developed s$ne‘. Recovery-should; be-~:attempted by .simultaneous 
movernen-tof the ailerons to full with the spin and full reversal of 
the rudder. As the airplane begins to nose down during recovery, the 
stick should be moved forward. 

2. Decreasing the wUg incidence will have a beneficial effect on 
the recovery characteristics. If a spin is entered with the wing of 
-2'. incidence, the recovery characteristics of the airplane will be 
satisfactory&d it will not be necessary to use the ailerons .to 
recover fromspins. ;'. ,: .' 

3. The external wing fuel tanks (with or y&&out fuel installed) 
will affect the spin-recovery characteristics so&what adversely. If 
recovery 'does not appear iTlpainent after a recovery attempt is made, 
the tanks should be jettisoned. 

4. Moving the center of gravity rearward from normal with311 the 
range indicated to be possible on the airplane will not affect the 
sp3n-recovery characteristics. Further rearward movements of the 
center~ofgravity 'WllL cause .the spins to become more oscillatory in 

'. roll and yaw and till have a beneficial effect,.on‘th,erecoverg 
,characteristics. 

.5. Satisfactory recovery from inverted spins wKU be obtained by 
..,full reversal of the rudder. 

6. A $-foot flat-type parachute (Drag coefficient,= 0.70) or a 
stable hemispherical parachute 7.7 feet in diameter (Drag coeffi- 
cient = 1.1) attached to the ta11.til.l be effective for emergency 
recovery from demonstration spins. 

7. @I-L order to enable the airplane to recover satisfactorily from 
& fully ,developed spin.by normal usage of'the controls (i.e., rudder 
reversal followed approx'. one-half turn later by reversal of the 
:elevator, ailerons maintained at neutral),'itwlll be necessary to 
modify the t.ai.1 of the airplane. Either doubling the ,size,of the ;.,,-.' :, the tail surfaces rearward a minimum of 

and adding ventral-fin area will effectively . . _i 
c+%&oP ‘$. -A’ 
I. ‘,,, ,. 

. ir..:, . ..-_, _,&: .*,&, rp,d . , i l?.‘, .“‘ br- ,- ,.,,: .**. I) .,.,. 1,._.:. :,.. I, ,.. ,. I. _ ., 
.’ 

c 
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3:‘ : . : improve the recovery characteriqtics of the airplane so that recovery 
i 
g2:;:'l. 

will be effected without the aid of the ailerow. 
,c . t ,..,.. ,:* .._. -. .-.. ?.." *.,'-.. ,. .,L . . .,,.. . . ,/. .,I ". . ,.. 
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: . : TABIX I.- DIMENSION+ CHARACTERISTICS OF XE’-91 AIRPUNE 

,, 
.‘, . . . 

‘1 .::: l #  . 
a.& . ‘.’ .-.. &.9 .,.. -... .;.,, . . ,-. . . . . . ..WXt!H CONVENTIONAL.TXL AS SIM?JLm FOR MODEL T.ESTS ‘k &% $2 ;**i.i . “.’ . . j Length over all, ft. : . l '* . . . . l . . . . . : . . . . . . . 43.33 

wing: 
/:, 

span, ft . 0 ; 

Area, sq ft o . 
Section, root . 
Section, tip l 

Zncidence, &3g 
wing ttis5, ;, . 2 
.&pe&t r&o' . 

.' Taper.rati.0 . . 

. . . . . . . ‘..O...‘........ t... ‘31.34 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l RepubJJc R-4, 40-17&%$ 
l . . ::. . . . . . . . . Republic R-4; 40-104.0 
. . . . . . . . . . . . . . " Varia$le from,-';! to 6 : :., _ I’ . . . . . . .- . . . . . . . .-.‘,. 6” . . . .’ . . . . . . ,o :.; 

l :!: ,’ l l . . . .‘. . . . . . . . . . ., ., ,’ . .’ ‘. . 3.05 
. . . . . .‘.. . .I... . . . . ‘; . . :. . . .‘. 0.62 

Sweepback of 50-percent-cho+ line, deg . 
DihedraLof wing, deg .;'. .' t . . .' . . . . 
Mean aerodynamic chor&, in. . . . . . . 
Leading edge 5 aft of'leading-edge 

root chord, in. . . . . . . . . . . . 

4Ulerons: 
Total area, 'sq ft l , . . . . . . . . . . 
Span, percentb/2 . . . . . . . ; . . . 

., 
Horizontal tail: 

Total area, sq ft . D . l ' . . l l l l l 

Elevator area, sq ft . . . . 0 . 0 0 l l 

Distance from normal center of gravity to 
intersection of elevator hinge lines at 
the plane of symmetry of model, ft l . 

. . . . . . . . . . . 69.04 

. . 

. 

. 

. 

. . . . . . . . . . . l 15.69 

.......... 

.......... 

......... 

...... ‘. .. . 69.61 

. .......... l 21.1 

. 40 

. 
l2,iii 

., 45.6. 

. 40.9,. 

Vertical tail: 
Totalarea,sqft l .mmmmm~..m’m..--~--..-~--~.30 
‘T&&r area, sq ft . . . ,. T . ., . . . .. . . .. i . . . w . . .,,,. 9.78 
Distance from normal,c&ter of gravity to; 

intersection of rudder,hinge line,and., 
stabilizer chord Une, ft . . .: pi .. 6 . . l l l l ,a l l l l 16.97 

Tail-damping power factor ;.:;.,. . l . 'a . . . o 0 l l l l l l 450 X 10 -6 ,,. . . :_ 4, I 
v I. 6 

smzbx. ., .., . .i .,..,. . . ., 
: ” ..’ ./ 
c 

-. 

:. 

,- 
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TA6I.E II.- CONDIYIONS ilW T F iibN MOIEL 
p 
:% 
1% 
. 

Tgpoftes~;. -. var iation ,from 
Loading IKmlal. oleen W ing ilididence 

,# condition (h3) 
&hod emp.loye;a in 

rekvery attempt Data.msent~d 

* Righ& Em.l.,~~ NAormal 
errect- spiqe 8 None -6, Rudder rev-e&al Chart1 

- 
&--Li- :2 -----------do----------- --------do------ 0. --------------do----------;------- Chart 

.' &)- - -  -  --  + ---------- '-do---------;- ----;-do-------- 3' -2 -. --------------do----------------- chart 

.;. SimultaneoLi rudder and elevator 
Right erect apin; -------- -7-+---~:Ll+' --------do-------- Qo-- reversal;'simultaneoua rudder 

and aileron reversal; aileron Chait 
reversal; rudder reversal 

Condition after take-off wing tanks .Slmltaneo~ rudder and aileron I@- - - -  -  -  -  i 
"  and c limb.to 50 feet installed 0 revereal; aller6n reversal; 

rudder repereal 
. .' Do - - -  -  -  -  -  -  -----------do----------- -----do------- '  0 Rudder reve&iLl. Chart . 

me-; ----- Non&l loading,plus 
empty wing~tanks-~ 

------do----- 0 --------------do---------------- 
-  

&----me 'A; Center of gravity at 
:, PO-percent i5 None 0.. --------------do---------------- Chart6 L 

.I 
~ --Centg ok gavity at b - -  -  -  -  -  -  -  
i 2bpercent 0 

-r----do------- 6. --------------do---------------- 
'* 

&&-L-, Center.of &avity at .. 
$-percent -E ----c---,&-,---i---- 6 :. --------------do----------------- 

Inverted spins to 
pilot's right ., Normal 1 :--------do------ 0 ----------;---do--.-------------- Chart7 

Ri@ t erect spine --"--""-do---------r-  ;:: e-a-m do e------s .' 6 ^  Tail parachutes Table 
Right erect &ins --l--------do-----------, Tail mdificatione 6 Rudder reversal Table 
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I. 
'. Bel.ntive center-or -gmrit7 

tier 4  
dslrsW> CI poa1ticm wfmsnts Of lnartia k.b parameters 

Lmding calditim l&ht 
; .(lb) 

El 15,m =/if z/r ~&t 
mb2 

I : ~Ail-Dl.aue kiues I 
1 ?x?Jlal .pm&ht 1!;6w 24.C6 38.2 0.165 0.~6 14,783 48,724 60,572 -598 -208 64% 

doaditim after take-off : . 24,532 3.7% 50.40 '2 and cllmbto50Iwt ,200 .04-8 22,148 55,217 n,2-m -441 -2l5 6% :(wingt&s ln&aLled) -- 
._ : ._--- ” 3 H-*~gqy?: ,:: :9*,60$ ,"y" 46.28 .176 .Ol2 i6,084 50,136 fW15 -en. -209 78d ; ..:.. 

-4 mbst rsMlard posltlm Oi l5 ' 177 .qmi+q peslbls center oi i9 ' 62 31 ' 13 .2c4 xx@ 14;m 43,138 54,898 -614 -e53 867 

vse-tail lc.sding well IlcarlJ 
5 all ruelana rdltrmMcm~ 14,172 18.3$ 20.12 .260 Al3 15,234 47,1@3 60,632 L -738 -313 1051 

(mferano~ 1) sxpctied ': . 
Mcdel'kll l~s 

groasslm1@It 1 Homal 18,615 24.07 38.25 0.160 0.028, is,196 5o,a3 62,558 - ,833 L. ‘I 

Ccmd tticm after teh-orf 
2. am lClil& to 50 feet .24,532 31.73 50.40 .2oo .o59 23,117 !&ns 7O,@JJ -422 -213 636 

(wing tanks inctaued) ,, 

-3. Hollcal pass lmidlt -plus dmptrwlngtmks .19,6l5 25.36 40.3 ,166 .o44 16,503 52,736 65,306 .-& -210 a6 

4. mot l ,eammd ponitim or 
'center of .qavlti possible 15,169 19.62, za.l'r ,201' su6 :. -15,o43 44,oo5 56,129 -626 -262 888 

center or gmTlt7 mored ‘L. 
5 

to 24-~Qlt F  (loading all,temtad in 14&o 18.40 29.20 .240 .ccQ 15,430 47,742 60,393 -741 -ego 103l 
ref*mwe 1) 

6 center or gcdty mmed to 3.bpercsnt v  ,' .15,861 20.51 322.6 .3u .@5 15,687 50,583 63,m -72 -25-I 979 
___.- 

7 HoldI @Tim wed&t. tith tailrAwedbya 49.3 in: '18,834 24-36 3.72 ,..i94- : :iy 15,779 62,914 75ru5 "820 -2l4 1035 

l&d @clsa ustat with 18,834' 24.36' 38.72 -027 +15;77p 59,699 7%~ tail mored back 32.6 in. .I79 -765 -214 979 

9 lloncsl @ m m  wei&lt vlth tail moved iyok17.4 in. 18a8Jc 24-36 "n .164. .w 15,779 _-- 56,6n;- 68,972. -w -a4 926 
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TABIZ IV.-, SPlk-REdOVkY-P~kXILJTE T&I' DATAOBT~D. 

iaQ- ..~ .,. -, . . . ,.. ~. . . ., ,.,, ,, ,, 
;T@:* . . ,.. ,. 'A . ; ,- _ mR mIzEL.Y . . ; ., .,:-.'. . ,, ., ., ,.." . 
.r,. . $5 . 00 . 
!‘*’ l . l " : ‘2 

' Bor&l 10drig;~6~ wing incidence;'drag coefficiefit 
. - of parachutes% 0..70; recoveq attempted from 

~lpin having a3lemna one,-third again&Lapin and 
:, elevktor at twg-third8 full.up; recoveky attempted, ,: by pqr&chu-b!d@don alon&,, rudder remawi& fuEl 

with the spin; %owll.ne~le~$& '=.31.2-,@ (flit& acde);' 
right er'e6-t s&r@ ; :, ; j. I/ ,. ', 

,, .,; , .', ,, .,: '., ( 

,:.- 

,.’ 

.I 
: ,., 

‘. 
‘,. 

::,~, .:’ ,‘:’ ,;_, 

: 
.: “’ 

.‘. ., 

Parachute dia&t& 
(f-t, ~ful1~sCal.e) 

‘. 8.94 

,’ ;i 
: 9;i67 

,: L ,’ _;,. ., 
‘: ,,, .“S,“ 

. . .A’ ,,‘.I 

I’ -10.00 

I2 .og 

"Turk for recovery 

$9 +, +, 3, 3 

a. 
1+, l., l~;l~, 2: 

-+ 14, 4 +4, 3 14 3 ",, 
: 

.'l, .lj 'I.$> al$j alZ "' 

"Mod61 made about two turns about parachute axis after 

F”‘- 

.~aggiming a 
' ',I' " 

rotation stopped. 

,, ‘, 

‘,I”’ 

(_~ 
-, r>r?.dg .Y”j I -.*rrc;~~r~ 

.~a+ming a vef$ical attitudG,$efom rotation stopped. 
1 1 ' ',I' " : i', 

,’ ,', ',., ',,. .,;: ,, +c&ciJz 
. . .' 

,;I ,, ,;I ,, . i 1 .“, ,. .", ,. : _:, ‘., ._' 
,I. ",.: I', , 

,, ', 1 ., .,: : '.. .t : ,__ Y"' ,: ,' 1 . : : ', 
',I"' 
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TABIJ3~,-EFF!3XOFTAIZbfODIFICATIOlfSO~~ AIiD=mY OF W-91Ez)DKLWI!Ki 6c-wmG IlVCIDlXC'E 

'ipprcx~t,Snc& ioating (tidbg the madificati~~ 0a-d Tariaticm in the n~rmsl loadins w buCa*)i lading SO= Md flap@ l&+WAedj COClcplt ClOSCdj 
- rsc~eries atte&d fim and @tee-spindata remttea ior ~&3C~with SpinSj IWCCTSW by riaaer IVTCIWCI. *a indieatedj mod01 ral~C6 CmTCrted tC 

ccrre6pwldillg full-6ode ralws; rl@t erect WtiB: : 

r cCntro1 settinge 
/ Effectlvmeas a Losding 

&Crlptlm of InCdiflchtica of Rudder Elevator Ailem- 
&i?f&icm~ I (deg) ($8) (r&t., ,f,i...)~ .%? csse rec.cYerJ table CIJI.) 

I+lal Final 

MOdiffC*tf~~lj NddC~ SpsU inO~CCS~d ,IMff~tlr? a right $L j 'J $-A 55 m 0.27 239 z-3, - 1 

ModifIcrMm 2j.Adder span inor&& ' Ineff&air~ gt ;L !lJ $A 55 m 27 239 >3; - 1 
and rentral fin'adc!ed 

'koti ModifiCatlm 3; mdde ChCrd.inWCa~d IneffCCti+e- ml 
l$ tims'md rmider span increarjed right 

$L pl $*I 
65' 

----- .26 239. s4 '1 

MCdlfiCatim 4j tail 8WfmW mored 
rearward 32.63 in: Ineffectire Fuu right jL pl $" ;--em ----- .26 249 .oo 8 

ModiflCatim 5; per ChC~ doubly Effective 'Full 
ri'ight jL fu $A d&to 4zutc .n 239 -, 1 

sad rudder a~~fncrea~ed 
3, 12 

._ 
Full 
right 

$L NC spin; imparted rctaticm darmp?:s&mcdel .- 
dives L-+--J 

mdificatim 6; tail-surfaces moved 
rearward 49.30 in. and ventral- tifectire -- - FullU FullA 1 

No spin; impsrted rotation aampS and model 
right left dives 

fin .¶?a* added I I I / I I I I 
l-m I -1-D IFtilA 145 I~$+.29 ( m-- 1 - ) left -_ ri$lt , -. - Full 

ri&lt QU $A 321t" 
2u to 
IXJ .24 310. 1, 1* 

MCdifiC~ti~ 7j tail BuriaCi mOTCd 
MIV& 32.63 in. and ~entml- Effectire - - Fullu n 35 5n .22 337 
iin kea added 

right left t$ 8 
.-... . ~____- - - 

DE&i : 
n lveutral 
L Left 
A Agnlnst 

I 

i 
i 
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CNART l.- 9pIN AND RECOYERY OHARMTWISTIQB OF i lODEL WITH 6’ WIN0 1NOIDE)ICE 

cnorvl loadlns (Point 1  on t&-l* I!1 end fW.t= 5); lurdlng gear and tlapn ret~oted- oookplt &red' ~OOOIO~ attempted r& 
Md It-dY-,Pln !atm Preyed for, mdde-ath *pins); ~OOVOV by nm rudder rak~l ~nlei# oth.lri.r lndloatrd; 
rreot aplnq 

Right l plnn b  

l - f 

Qo msmo model  rmquirad more than 10 turn8 roar raoowry. 
hors into l I tamp allsawn rnll~c 
ORudder rermraed'lrom rull with to $3 l galnat the apln ror reoorrry 
d0~oll latih in pitch. 
‘A apip o#olllatory In roll and yiif alio obtalnsd. 
‘A “lo l pin’ oondlt lon also obtained. 
$joa! into l l toep, tight ;p&ral. 

node1 values 
Converted to 
correlpondlng 

'full-aca1c valuea. 
U lnnar wing up 
D lnncr wing down ‘mnaoro. 

,.kepw apin alao obtained. ~JArtrr:launoh~ng, Bode1 bsoomsa lnorm~lngly omoll lmtory in roll and yaw and 
then-(loam *to a  right roll. 
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J OyRT 2.- S P I N  AND.  R E O O V E R Y  C H A R A C T E R I B T I O 6  O F " W O D 6 L  W ITli 0 ’ G IN’3  I N C I D M O E  -. 

[Nonr l  l o a d i n g  (po in t  1  o h  tab le .111  a n d  f lgurs 5);  l a n d i n g  g e a r  a n d  t l epm retmotsd;  -oookpEp! t .o lossd;  moovr ry  l t tmp~-+ ;~<, ,‘,- ._ 
a n d  s teady-ap ln  da ta  p rsmnted  for, rudder -w i th  sp ine;  r soors~  by ful l  r u d d w  re ter r+  u + e m m  othsnlrs lnd loated; i ; )?$t . .+ ::.‘: i  : 

. . #p ln rJ  I. ~ ; -  ., ,_ 

rl--l L -l-i 2 . ““i3$ :;.:~ ..;~ .,~  E { ; :,. “i tYp[s; i;;;, -Ri; Wna, :  ! , 

‘.-.;‘: -:. -  
: ..T  .. I 

9  

h  

* T W O  type* 0r  # p i n  

. 
I .-I I I 

,-, “. j!j $ g  : 
. ..~ I ?yJ  ~ ? --I+  

;z p it 9 :: . . 
4 5  w  f-T-l -,“j,si 

E !il ., 
2 2 7  .30  

‘- W  

r 

-p i .: p &  ,: ..:; p j -  
r  I I l Oao l l l a toq  in  1 8 1 1  r ind.  P a w  a n d  radet ie . -  \ 

b P o r  reoorrry,  soda1  al ther  g o r m  Into a. lei t  ro l l  o r  d i rea,  
.d rp rnd lng  o n  at t i tude of  m d e l  w h e n  rudde r  revarmed.  

% e s  in to  l m twp  Ll ls ron rol l .  
d Ih rdder  r ew raed  r r om ful l  w i th  to 2 /3  aga ins t  the  sp in  ior  
l  O O  m a n a  m o d e l  rsqu l red  n o r m  than 10.  t ?na  f8r raoorrry .  
6 ~  sp in  oao l l la tory  in  m l  a n d  P a r  a l h o  obta lnsd.  
r60r r  in to  a  r twp t ight af l rml.  

hndwr .  
hrtsr lwnoh lng ,  m o d e l  baooqes  lnorsra lng ly  o lo l l la torJ in  

in to  a  r ight  rol l .  
J A  “6 0  a p l n ” oond! t lon a l e o  obtaIned.  

N o d e 1  va lues  
‘conver ted- to  
co r respond ing  
fu l l -scale va luea.  
IJ lnncr  w ing  up  
D  Inner  w i n g  d o w n  

moovery .  

ro l l  m i d  P i w - a n d  then  gor r  
-,-. _  
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: OUT 3.; BpIN MD ~gCOVEFWO&ARAOTERISTICS OF WODEL WITH -2' WING INCIDENCE 

.- ;yyy. . .)j ;&2,&g& 
..r .a.. 4.4. 4 ‘: . 

: 4. 4.4: 4 . 4 ,. . ,::, t;,: ’ 4. ’ . : 4 4 40 4 4 

pork1 loading (point 1 on table III and flgur. 5); landing gear and flap. rrtraoted; oociplt oloeed- recovery attrrptd frm, 
md,rt.ndy-epin data prerented for, N dder-with rplne; rsoovary by full rudder revereal unlee. othkwl.. 1ndioat.d; orrot rpin.1 i 

Right rpin. 

TWO typo or ?pid f 

,I3 No spl 

‘A “No epin” oondltlon rlro obtained. -- 
%o4e into r~rteep allrron roll. 
~0eoillat.r in plXoh: 

f%o.r into rtoep, tight rpir.1. 

dReom.ry atte8ptrd by reverring th. mdd.r 
hOOm.an. 8odsl required more than 

from run with to 213 l galnrt the epin: 
10 tune for moovery. 

,- 

hit rpln. 

~-yj-fjy ri,I h I  .li ,  -.-,-‘- ; ,  

a .-- 

eOeoill.tsr in roll l nd yaw and winden., c ‘. 
iAttar launohhg, model become. 

rWmdarr. 
lnorearingly oiolllitory in roll 

L goe. into l right 
8W 

a$flf~w ind thn 
. ’ 

correrponding 
full-ecsle value6 i-, 
U inner- win6 up 
D inner wing down 

m N,’ rpln ( 
r-l 
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CtiT 4.- EFFECT OF VARIOUS CONlkOL WOVEKENTS HARAOTERISTIOS OF TFE NOD!& 

mod.1 required iire than 10 turns 

into * atrep aileron roll. 
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0, # * > 1 i 

bART 5. .- &PIN MD lWXkY %HARAOTERIBTICB 
CLoedlng l m) indloated; flaps and landing gear retracted; oocblt olored;. recovery attriptad from, and rteadyrpln dat& 

prrrant? ror, rudder-with rp+r; recovery by full rudder revereal unleee otnenlee Indicated; right rreot rplna 

Normal l+dlng plur empty wing t+nkr lnrtalled (point 3 
: on tab14 III ana rigurr 5) 

:%yj2z~2~ I’;.: 
5 ,’ 1% , 
La- 2% 0.30 :i 8  

5s 1;:: 
H 

231 0.26 

l 00 

2 1 ;: 

p i. ., 

250 0.28 

& 

-_ 

*Wmeuu model required aore than 10 turns ror recovery. 
jlber into a glide or dire. L 
‘Reeulte or iert rpine rlnllar. 
kddsr reversed from full with to 2&igalnrt the<yln. 
~t3oer Into a ‘eteep aileron roll. 

oOes’lnto a eteep, tlght eplral. 
ra 

I 

:-:;;y: _- :.. 

0. +.* 4 l Yt “” 4. 0  4  4 I.. t- 4  4  Q .0 4 4 
4:‘. T .4 t. : 4 . i 4  : 4 . 

Condition, after take off ad ollmb to 50 feat, ring 
tankr lnatalled (point 2. on table III and figure 5) 

~. 

w.. 

r 

corresponding 
full-scale v&lee. 
U inner wing up 
D inner wing down 
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CH@ 6.~&EFFECT ON.?!ODiL SPIN AND REOOVERY CHARACTERISTICS OF HOVING THE CENTER OF GRAVITY REARiiw 

pading as lnciicatrd; landing gear and flapr retracted; cockpit closed; reooverler attempted from, and rteady-rpln data 
presented iof, rudder full-with opine; right eraot splni 

s_ 

Center or grirlty at app+oxltitrly Fib percent F (point 4 
on table .I;;1 and iigurr 5). O” ring lncldmoe 

Center of grarlty at 24 percent. z (point 5 on table III 
and rlgurb 5). O” wing lnoldrnoe 

a 

47 iii 

H 

231. 0.21 

l- ;, 2 

Elevator 
2/j up 

-/ -‘- 8, “l 

231 0.24* 239 '0.27, ,; * No l pln 

I I 1241 >6 I I 

E! “No epin” condlion also obtained. 

?;i) I I I 1 No bDln I 

Aileron8 
Iull against ru: 

P-l (stlok lert) 
1 
l l ,(.!s~tJ 

7 

Woea into a steep .tlght eplral. 
%uddrr reversed-irom full with to 2/j agalnrt the rpln. 
dOO neanr model required more than 10 turn8 ror recovery. 
‘After launohlng, model beoomer lnoreaelngly onolllatory In roll and yaw and then 

goer Into a lert 
,,fGoee Into a glide, 

roll. 
corresponding 
full-scale values. 
IJ inner wing up 
D Inn&? wing down 

(d:g, ,d:g, t-l- V n 
lfps) (rps) 

I Turns for 
recovery I 

Fi *: 
k2 -- 
3 . 
R ‘is .. 8 

c 
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OHART~6.- tiFFE& OR MODEL SPIN AND RECOVERY OHARACTERISTICS OF IOVINO THE CENTER OF ORAVITY REARWN (&N&DED) 

Center ofFgravIty at-apprdximately 24 percent ij (point 5 on 
table 111 and figure 5). 6O.wlng lnoldenoe 

a 

Elevator 
2/3 UP 

I !L 
i. /:I:!. 
L y* 
p. :. 
t, Two typer or rpln 

lla ._ 
, 

i 239 0.19 239 0.$4 

- rg w 

-I 

* : ~. ._ . 
i 

-;. ‘:,-I!!3 

a 

Center or gravity at 31 perce..- _ nt 6 fnd.rt. /; an +rl.,r TTY ,: 
and figure 5). 60 wing lnoldeno~~--“W ” “” I-“*- **I 

Alleronr 
-full againat _ 
(Stlok. left) 

AIlerona 
ruli with 
mtiok 
right) 

P No p1n 

I I I _‘I I 1 
aExtreaely oeoillatoq in pltoh; roll, md jiif and wander8 

I I 

bFor recovery, model either pltohrr over and rollr left or’goer Into-a 
glide, depending on l ttltudo of 8odol when rudder lr reverred. 

%ndrrr and haa wide rpln radlur. 
dSplnr other dlreotlon after reoorrry from right rpln. 
wooer Into a rteep aileron roll. 
Qo mean8 model required more than 10 turnr for recovery. 

ERuddrr rerrrredfrom full with to 2/3 againrt the rpln. 
After launohlng, model beoomer lnorearlngly orolllatory In roll and yaw till It direr 

iA?{ Ipin* er l uno hi 
. hit mu. ng, node1 beoomer lnorearlng1y oeolllatory In roll and yaw and then goer 

Model. values 
converted to 
correspondin 
full-scale valuea. 
U inner win8 up 
D lnncr wing d&n out 

into a ~- ----. 
J~oer into a dire. 

m No rp1 



HACA RM No. SLgEC 

-L 
OHART 7.- INVERTED SPIN O?IARAOTFAISTIOS OF MODEL WITH 0' WING INCIDENCE 

. . . 
l . . :... . 

filormal loading (point 1 on table III aud figure 5); flaps and landing gear retracted; 
,!, -m a* oookplt closed; recovery attempted from, and steady-spin data presented for, rudder 

y:,*ee. . 'I 
full-with spine; reoovery by full rudder reversal unlesm otherwise Indicated; 
splus'to pllotvs right]. ~ _- 

'.: i*. . 
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E!!l No pin 
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Stick full right 
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Figure l.- Three--view drawing ok the ~-scale ~&de1 of--h; I&public 
29 

XE'+l airpl&e with a conventional t&l. Center of gravity at 
16.+pe&cent mean aeromc chord. 
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Figure 2.- External fuel tanJ.c~~ and tank installation on model. 
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.ythe model. (Dimensions.are fuU scale). 
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Figure 6 .-Mass parameters for loadings possible on'the m-91 airplane 
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